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I In nt tr ro od du uc ct ti io on n
Carpal tunnel syndrome (CTS) is the most common compression neuropathy, affecting about 6% of women aged over 40 years [1, 2] . Although several predisposing factors have been identified, i.e. diabetes mellitus, hypothyroidism, and rheumatoid arthritis, the idiopathic form is the most common [3, 4] . The syndrome affects mostly women in middle and older age with two peaks observed at 40-50 years and > 70 years.
The clinical course of CTS is not uniform and its natural history is complex. A proportion of patients experience mild disease with symptoms and signs being not particularly troublesome and these patients do not seek medical advice for many years. In contrast, there are patients who develop a serious syndrome within 2-3 months, having severe symptoms and abnormal electrophysiological studies [3] [4] [5] . The age of the patient at the onset of the disease may influence its course and outcome of the treatment. The bor derline of 'older age' is variable, with a tendency to move up with civilization development. According to the contemporary WHO criteria, the 'older age' lower limit for developed countries is assigned at 75 years. One may expect poorer outcomes (lower improvement) after carpal tunnel release in older patients, particularly in the functional aspect, be cause hand dexterity is naturally decreased at this age. Another problem may be associated with reduced capacity of elderly patients to understand and complete questionnaires used in outcome measurement (i.e. the Levine questionnaire), because of reduced intellectual dexterity (dementia) [6] . In a recent study by Nawrot et al. [7] this tendency was not confirmed, but the borderline between younger and older patients' age was very low, at 45 years.
The objective of this study was to compare clinical outcomes of carpal tunnel release between groups of patients in different age ranges.
M Ma at te er ri ia al l a an nd d m me et th ho od ds s
The records from the register of patients with CTS who were operated on in the authors' department over a period of two years (between 2009 and 2011) were analysed. All patients operated on in this period were included, regardless of the associated diseases (diabetes, hypothyroidism) or previous injury to the affected hand. Only patients with recurrent disease (n = 6) were excluded.
There were 386 patients, 322 female (83%) and 64 male (17%) with a mean age of 57 (range: 30-81) years, with the mean disease duration of 46 months (range: 3-240 months). The diagnosis of CTS was made based on 'classical' clinical history, symptoms and signs (Table 1) . In 169 patients (44%), for various reasons, electrodiagnostic studies were additionally performed, confirming the diagnosis. The group was divided into three sub-groups, according to age: (1) 40 years or under (n = 28), 41-65 years (n = 248) and over 65 years (n = 73).
Each patient was assessed one day before the operation, and followed up at 1 and 6 months. The person who did the assessments was blind to the clinical status of the patient. The following measurements were used: 1) Digital sensibility with the Semmes-Weinstein monofilament test. Measurements were carried out on the thumb, index and middle fingers. The results were expressed in ranks: (5) touch detectable with a green filament; (4) with blue filament; (3) with purple filament; (2) with red filament; and (1) with a black filament. The measurements from each finger were added and then divided by three, finally giving the sensory index. A sensory index score of 5 indicated normal sensation in all three digits, while a score of 1 indicated no sensation in these digits. 2) Motor tests: total grip, key-and three-point pinch strengths were measured with a Jamar dynamometer and pinch-meter from the set of DataLink (Biometrics and Co Ltd, Gwent, UK). The results were given as a proportion of the strength of the other hand. 3) All patients completed the Levine questionnaire [8] .
All patients received mini-invasive carpal tunnel release under local anaesthesia, with the use of a tourniquet. The outcomes in patients within age groups were compared. The Levine scores (symptom and function) Andrzej ¯yluk, Piotr Puchalski Pain and numbness in the hand, which wakes the patient at night. Feeling of oedema of the digits Occurrence of these symptoms in digits/hand innervated by a median nerve Occurrence of these symptoms in the day, at manual work or static grip with flexed wrist Relief of symptoms after shaking or rubbing the hand Weaker grip, reduced dexterity of the hand T Ta ab bl le e 1 1. . Constellation of symptoms and signs typical for carpal tunnel syndrome were considered to be primary outcome measures. The statistical significance of differences in outcomes in either group was examined with the non-parametric Kruskal-Wallis test (all variables were non-normally distributed).
R Re es su ul lt ts s
A comparison of demographic and clinical data for each group showed significant differences in age (obvious), duration of the disease (longer in the oldest and middle-age subgroups, compared to the youngest) and in involvement of the dominant hand ( Table 2) .
Pre-operative comparison of considered variables (Table 3 ) showed significant differences between the groups in perception of touch with the Semmes-Weinstein filaments, weaker in the youngest, followed by middle-age and the oldest group (sensory index 3.7 vs. 3.3 vs. 3.0, respectively, p < 0.001). This difference, although significant, was not clinically meaningful, because the minimal detectable difference of the sensory index is considered to be 1.0. There were also significant differences in three-point pinch (weaker in the youngest group: 77% vs. 89% and 84%, p < 0.05) and function Levine scores, suggesting greater impairment in the youngest group (3.2 vs. 3.0 and 3.0). This latter difference, however, was not clinically meaningful, because the minimal detectable difference of the Levine score is considered to be 1.0.
Post-operative assessment after 6 months (Table 4) showed moderate (compared to baseline) improvement of the perception of touch with the Semmes-Weinstein filaments. The differences in sensory index were statistically significant, favouring the youngest group, followed by the middle-age and the oldest (sensory index: 4.8 vs. 4.5 vs. 4.1, respectively, p < 0.001). As in baseline measurements, these differences, although statistically significant, were not of clinical importance.
With regard to motor tests, the total grip strength showed the greatest improvement (baseline vs. final assessment) in the youngest group (85% vs. 138%, p < 0.001), followed by the middle-age (87% vs. 106%, p < 0.001), with only minimal (but statistically significant) gain noted in the oldest group (82% vs. 87%, p = 0.05). The difference in the final total grip strength between the youngest and middle-age versus the oldest group was statistically significant, disfavouring the oldest group. Key-pinch strength also showed the greatest improvement in the youngest group (87% vs. 122%, p < 0.001), followed by the middle-age (89% vs. 102%, p < 0.001) and the oldest (83% vs. 93%, p = 0.01). The differences between the age groups failed to reach statistical significance. Threepoint pinch strength also showed the greatest improvement in the youngest group (73% vs. 98%, p < 0.001), followed by the middle-age (89% vs. 97%, p = 0.01) and the oldest (84% vs. 93%, p = 0.008), but these differences between groups were not statistically significant. An assessment at 6 months showed remarkable and statistically significant reduction of the Levine symptom and function scores (compared to baseline) in all the age groups. There were no differences between the age groups with regard to final symptom Levine scores, suggesting similar reduction of pain and numbness. Likewise, the final function Levine scores did not differ significantly between the groups, with minimally higher scores in the oldest one.
Complications, such as nerve or vessel injury, were not observed in either group. Superficial wound infection which subsided after oral antibiotic administration was observed in seven patients (1.8%). Symptoms and signs of mild complex regional pain syndrome were noted in two patients but resolved within two months after a course of physiotherapy.
D Di is sc cu us ss si io on n
All patients showed significant resolution of CTS symptoms at 6 months, as assessed by the Levine symptom score. They also showed a significant improvement of the dexterity of the hand, as assessed by the Levine function score. The main objective of this study was to compare the results of carpal tunnel release in patients in three different age groups. As the Levine scores were considered the primary outcome measure, the results of our study show that age of patients has no significant effect on the results of surgical treatment of carpal tunnel syndrome or -to put it another way -patients of any age may expect a similar benefit from surgery.
The results of this study showed significantly weaker grip and pinch strengths in the oldest patients compared to the other groups at 6-month assessment. The gain in power of the hand (baseline to final) was the lowest in the oldest patients, suggesting reduced capacity of regeneration of impaired function of the muscles. This tendency was not observed in pre-operative measurements, which showed motor function to be equally impaired in all groups, regardless of age (Table 3) . This weaker grip and pinch strengths of the hand, however, did not translate into poorer hand function, because improvement of the dexterity as a result of surgery (assessed by the function Levine score) was similar in all the age groups.
There is conflicting evidence on the effect of age of patients with CTS on surgical outcomes, although most studies suggest that it has a bearing on the result [6, [9] [10] [11] .
Porter et al. [6] compared the outcomes of carpal tunnel release in 46 CTS patients aged 60 years or less with 41 CTS patients over 60 years of age. The Levine scores were considered the primary outcome measure. At the six-month post-operative assessment, improvement was noted in both groups compared to baseline values, but it was less significant in the older group. For the younger group, the Levine symptom score decreased from 3.1 (baseline) to 1.6 (at 6 months), whereas for the older group it decreased from 2.7 to 1.6, respectively. The Levine function scores decreased from 2.3 to 1.5 in the younger group and from 2.3 to 1.8 in the older group. The differences between the groups were statistically significant. The authors also noted significant improvement in nerve conduction after the operation in both groups but they were less expressed in the older one. They concluded that age is a clear factor affecting the outcome after carpal tunnel release [6] . Hobby et al. [10] and Townshend et al. [9] found that in patients over 60-70 years, the greater the severity of symptoms preoperatively, the less successful the outcome. This finding was not confirmed in our study. These authors suggest that although outcomes in older patients may be less predictable, the majority of them experience objective benefit from carpal tunnel release.
Nawrot et al. [7] reported similar outcomes of carpal tunnel release (assessed at one and six months post-operatively) in 33 patients, of whom eight were aged 45 years or less and 27 were older than 45 years. They noted only worse results in patients with the disease lasting longer than 6 months.
The results of our study are not fully consistent with the above-mentioned reports, except the report by Nawrot et al. Although improvement of the grip and pinch strengths was smaller in the oldest group, the difference in relation to younger sub-groups was statistically significant only for the total grip strength and did not translate into significantly lower Levine scores (primary outcome measure). The advantage of our survey is that it was based on a great number of patients, much greater than reported in earlier studies. It was also conducted following clear methodology, including measurements of subjective and objective parameters. The flaws include the retrospective nature of the study and inclusion of all cases of CTS (except recurrent ones) with no selection of idiopathic cases from those with associated diseases such as diabetes, hypothyroidism or rheumatoid arthritis. This, however, may be considered an advantage, because of showing the benefit from carpal tunnel release in older patients, regardless of the aetiology of the disease.
Many factors may affect outcomes of carpal tunnel surgery, including duration of symptoms, clinical severity, co-morbidity (diabetes, hypothyroidism), operative technique (classical open, mini-open, endoscopic), etc. A systematic review of the possible role of these factors showed no conclusive results. Diabetes was found to worsen outcomes in some studies, whereas it did not in others [12] . Likewise, opinions on the effect of age, gender, duration of symptoms and clinical severity of the syndrome vary on this point [11] . It was not our aim to conduct a multivariate analysis of possible factors influencing the outcomes of carpal tunnel surgery, but to focus on a single, specific parameter: patient's age.
One may also question the accuracy of CTS diagnosis in our series, which was based on purely clinical grounds. Controversy persists regarding the need for electrodiagnostic studies to confirm the diagnosis. Some believe that they are mandatory to confirm the diagnosis; more and more surgeons, however, consider nerve conduction studies to be superfluous in typical cases of CTS and are convinced that a confident diagnosis can be made based on the history and clinical findings alone [13, 14] . We share this opinion and follow it in our clinical practice. Some studies have shown that performing nerve conduction studies did not improve the outcomes of surgery for CTS [14, 15] . Thus, it is suggested that they are desirable only in doubtful cases, in patients with atypical symptoms or unclear course of the disease [14] [15] [16] . Moreover, Witt et al. [17] reported that 25% of patients with typical symptoms of CTS had normal conduction in the median nerve. It was found in other studies that operative treatment of these patients results in resolution of symptoms and clinical recovery [18, 19] .
Another matter of concern may be the severity of the syndrome at presentation, which might affect the results of the treatment. However, as has been shown in some studies, electrodiagnostic findings correlate statistically significantly with Levine scores [5, 17, 20, 21] . Thus, the assessment of the clinical severity of carpal tunnel syndrome can be equally good based on the Levine score, as it was done in our study.
C Co on nc cl lu us si io on ns s
Age of patients has no significant effect on the effectiveness of surgical treatment of CTS or -to put it another way -patients of any age may be similarly satisfied with surgery. However, patients older than 65 years showed less improvement of the power of the hand.
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